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1 This document has been translated by computer. So the translation may not reflect the original precisely. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 



[Field of the Invention] Especially this invention relates to the manufacture approach of a photoconductive wave 
component of having aimed at amelioration of a creation process, with respect to photoconductive wave components, ■ 
such' as an optical switch, an optical modulator, and a wavelength sensing element 
[0002] • *. 

[Description of the Prior Art] It is possible to transmit a lot of information of TO gigabits/s over long distances in recent 
years by development of optoelectronics related techniques, such as semiconductor laser, low-loss optical fiber, optical 
fiber amplifier, and a high-speed integrated circuit. However, in the multimedia age which should come, since ordinary 
end users can also use a lot of [ highly minute image.information etc. ] information on real time, construction of the 
, infrastructure which can transmit further mass information and can be processed is needed. 
[0003] In order to perform a mass information transmission and processing taking advantage of the high bandwidth 
nature of an optical fiber, it is thought appropriate to use an optical frequency multiplex (optical FDM) technique and a 
light-hour division multiplex (light TDM) technique. Then, it is pressing need to develop the photoconductive wave, 
component which has new functions, such as a compact and efficient wavelength sensing element and a ultra high- 
speed nonlinear optical switch of an optical control mold, towards implementation of a large-scale and efficient optical 
FDM network' or an optical TDM network. 

[0004] The nonlinear light device to which the light absorption accompanying electronic sub interband transition was 
applied as such a photoconductive wave component can be considered. By using absorption between subbands, it is 
high in a speed of response, and nonlinearity can be enlarged. This subbands absorption layer needs to operate on the . 
wavelength near [ which is used by optical communication ] 1.55 micrometer. About absorption between subbands, 
absorption on this wavelength is reported using the InGaAs/AlAs quantum well layer formed on the InP substrate (J. ■ / 
H.Smet et al, Appl.Phys.Lett., Vol.64, pp 986-987 (1994)). However, in the case of this ingredient system, the 
relaxation time of sub interband transition is 2 - 3 picosecond, and cannot respond to the transmission speed of Tb/s 
needed in the future. ;/ 

[0005] On the other hand; the relaxation time of the sub interband transition in a nitride semi-conductor quantum well 
like GaN on A1N is theoretically calculated with it being about 100 femtoseconds, and can respond to the transmission 
speed of Tb/s enough. The desirable gestalt in the case of applying the sub interband transition in a nitride semi- 
conductor multiplex quantum well, and forming a switching element is joined to the semiconductor waveguide which 
consists of InP(s) etc. By considering as such a gestalt, integration with optical devices, such as an optical amplification 
component formed on the InP substrate or the GaAs substrate, is attained, and the miniaturization of a component and 
low-power-ization are attained. 

* * » * • 

[0006] However, after joining a nitride semi-conductor to other semi-conductors, in order to realize guided wave 
structure, it will be necessary to process the substrate which grew the nitride semi-conductor. The thickness of several 
1 00 micrometers has the thickness of the substrate generally used, and time amount great for deleting this away by 
etching etc. is required. Moreover, in the case of the silicon on sapphire used present best as a substrate, a degree of 
hardness is very high, and it is very difficult to process it by etching.; 

[0007] , 
[Problem(s) to be Solved by the Invention] Thus, even if it was going to join the nitride semi-conductor multiplex 
quantum well to the different-species semi-conductor and was going to form guided wave structure conventionally, 
removing the growth substrate of a nitride semi-conductor had become the factor which bars implementation of being 
difficult and the photoconductive wave component which this can communicate [ high-speed ]. 
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"J0008] The place which accomplished this invention in consideration of the above-mentioned situation, and is made - 
into the purpose tan remove a nitride semi-conductor growth substrate by the simple approach, and is to offer the 
manufacture approach of a photoconductive wave component that formation of guided wave structure is easily 
realizable. ; 
[0009] 

[Means for Solving the Problem] (Configuration) In order to solve the above-mentioned technical problem, this 
invention has adopted the following configurations. Namely/this invention carries out the laminating of a GaN layer 
and the Alx Gal-x N (0< x<=l) lay er one by one on silicon on sapphire in the manufacture approach of a 
photoconductive wave component. The process which carries out the laminating of the nitride semi-conductor 
multiplex quantum well layer which functions as a light absorption layer by sub interband transition on a part of the 
upper part [ at least"], Subsequently, the process which pastes up the semi-conductor base which consists of an III-V 
group semi-conductor, and contains either [ at least ] arsenic or phosphorus as a V group element on the nitride semi- 
conductor laminated structure which consists of each class formed on said silicon on sapphire, Subsequently, by 
impressing mechanical stress, said GaN layer is ground and it is characterized by thermal or including the process 
which separates said silicon on sapphire from said nitride semi-conductor laminated structure. 
[0010] Here, the following are raised as a desirable embodiment of this invention. 

(1) The aluminum presentation x of an Alx Gal -x N layer was set or more to 0.6. 

(2) The range of Alx Gal-x N layer thickness should be 0.5-2.5 micrometers. 

(3) As a semi-conductor base, it is In on an InP substrate or an InP substrate. Use the thing in which the semi-conductor 
layer which contains as an t HI group element and contains either [ at least ] arsenic or phosphorus as a V group element 
was formed. 

[00 1 1 ] (4) Quench after heating the pasted-up whole substrate as an approach of grinding a GaN layer for exfoliation of 
silicon on sapphire. 

(5) As an approach of grinding a GaN layer for exfoliation of silicon on sapphire, mechanical stress is applied to the 
pasted-up whole substrate, and sag it. 

[0012] (Operation) according to an experiment of this invention persons ~ a silicon-on-sapphire top -MOCVD - after 
about 1.7 micrometers grew GaN in law, when about 0.05 micrometers grew, aluminum0.8 Ga0.2 N was taken out 
from the MOCVD system and the cross section was observed by SEM (scan mold microscope), as shown in drawing 
2 , a part of GaN layer was ground and it was observed that the AlGaN layer remains in the shape of eaves. In order 
that GaN may receive strong stress from this by AlGaN from which a lattice constant differs, a countless lattice defect 
occurs inside, and it is thought that it will be easily ground by thermal or mechanical stress, such as a temperature fall 
process after growth termination and cleavage for SEM observation. 

[0013] In addition, when the phenomenon which GaN pulverizes was further investigated in the detail, it turned out 
that such a phenomenon is generated so notably that thickness is so thick that aluminum presentation is large. When 
. aluminum presentation of AlGaN was 0.6 or more and the thickness of AlGaN was 0.5 micrometers or more, more 
specifically, it turned out that the grinding removal of the GaN can be carried out certainly. Furthermore, since the 
crystal quality of the AlGaN itself would worsen if the thickness of AlGaN becomes not much thick, the thickness of 
AlGaN also understood one with desirable it being 2.5 micrometers or less. 

[0014] This invention applies the experiment fact by the above-mentioned discovery. That is, an AlGaN layer is first 
grown up and grown up continuously in a GaN layer on silicon on sapphire. Then, after growing up the multiplex 
quantum well layer which is a subbands absorption layer, the temperature is gradually lowered to a room temperature 
Thus , since the created nitride semi-conductor layer has the loose temperature fall process the GaN layer is not ground 

•yet. ' 

[0015] Subsequently, semi-conductor substrates, such as InP, are put on this, and it pastes up with a nitride semi- 
conductor laminated structure by heating at the temperature of about 800 degrees C. Then, thermal stress is added and 
ground in the above-mentioned GaN layer by quenching to a room temperature. Thus, since silicon on sapphire can be 
removed from an AlGaN layer, an AlGaN layer and a multiplex quantum well layer are pasted up on semi-conductor 
substrates, such as Above InP, on the other hand and it often remains, guided wave structure can be forined simple by 
etching etc. 
[0016] 

[Embodiment of the Invention] Hereafter, therefore, it explains to the operation gestalt of illustration of the detail of 
this invention. Drawing 1 is the sectional view showing the production process of the photoconductive wave 
component concerning 1 operation gestalt of this invention. , , 

[001 7] first, it is shown in drawing 1 (a) - as - the silicon-on-sapphire 10 top of a field (0001) - MOCVD - in law 

♦ 
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Trimethylgallium and ammonia gas are used. The GaN buffer layer 1 1 with a thickness of 1.7 micrometers, 
furthermore, trimethylaluminum In addition, the cladding layer 12 and aluminum0.6 GaN0.4 with a thickness of 3nm 
which consist of thickness 500nmA10.8 Ga0.2 N The laminating of the multiplex quantum well layer 13 with 30 wells 
which consist of GaN(s) which doped Si with a thickness of 1 . 5nm 2x 1 0 1 8cm-8 is carried out one by one. 
[0018] After growth termination, the temperature is lowered gradually, substrate applying it for 20 minutes, supplying 
ammonia gas to 300 degrees C, and it takes out, after leaving it in a hydrogen ambient atmosphere until it becomes a 
room temperature after that. 

[0019] subsequently, it is shown in drawing.! (b) as - the InP substrate 20 top -- MOCVD - law - In0.77Ga0.23 As 
0.5P0.5 with a thickness of 1 micrometer 800 degrees C of things which carried out the laminating of a layer 21 and the 
InP glue line 22 with a thickness of 0, 1 micrometers one by one are pasted up by heating for 40 minutes in 
superposition and a hydrogen ambient atmosphere so that a glue line 22 may touch the multiplex quantum well layer 
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[0020] Subsequently, it quenches until it becomes 200 degrees C or less in 2 minutes. By doing in this way, as thermal 
stress joins the whole substrate and it is shown in drawing.], (c), the GaN layer 1 1 is ground and silicon on sapphire 10 
can exfoliate easily . then, in order to remove the fragment of extant GaN completely, it washes in a methanol , ( ; 
[0021] Subsequently, the guided wave structure of having cross-section structure as shown in dra wing 1 (d) is formed 
by etching a nitride semi-conductor laminated structure into a request configuration by reactive ion etching (RIE); and 
etching InP layer 22 /InGaAsP layer 2 1 by. chemical etching, further, until it reaches the InP substrate 20. In such ' i> 
guided wave structure, light spreads between the InP substrate 20 and the AlGaN cladding layers 12. 
[0022] Thus, the base which carried out the laminating of the GaN buffer layer 1 1, the AlGaN layer 12, andthe : 
multiplex quantum well layer 13 of AlGaN/GaN one by one on silicon on sapphire 10 according to this operation . ' 
gestalt, By 'quenching these bases and impressing thermal stress, after pasting up the base which carried out the ' , 
laminating of the InGaAsP: layer 21 arid the InP glue line 22 on the InP substrate 20 so that a glue line 22 may touch the 
multiplex quantum- well layen 13 The GaN buffer layer 1 1 can be ground and each base can be separated. . 
[0023] That is, the silicon on sapphire 10 which is a growth substrate of a nitride semi-conductor can be removed from 
the InP substrate/ 20 side by the simple approach, and guided wave structure which joined the nitride semi-conductor ? 
multiplex quantum well to the InP substrate in which optical devices, such as an optical amplification component, were 
formed can be realized. For this reason, it becomes possible to create the photoconductive wave component which 
formed the multiplex quantum well layer 13 of AlGaN/GaN as a light absorption layer on the InP substrate 20 and in 
which a high 7 speed communication link is possible. * • 

[0024] In addition, this invention is riot limited to the operation gestalt mentioned above. In an operation gestalt, 
although the cladding lay er was constituted from aluminum0.8 Ga0,2 N, A1N may instead be used., What is necessary is 
just the nitride : semi -conductor layer which contains aluminum to the GaN layer which does not contain aluminum 
which should be ground in short. In order to grind a GaN buffer layer more certainly, the aluminum presentation x is, 
0.6 or more, arid the thickness of Alx Gal -x N has the desirable range of 0.5-2.5 micrometers. 
[0025] Although the InGaAsP layer etc. was formed on the InP substrate, you may make it paste up an InP substrate 
soott with an operation gestalt. Moreover, it is also possible to use a GaAs substrate instead of an InP substrate. , * 
Furthermore, on the InP substrate, the GaAs substrate, etc., optical devices, such as a light emitting device, a photo 
detector, and a modulator, may be formed. * \ ..•*" 

[0026] Although silicon on sapphire was exfoliated by quenching after pasting up a silicon-on-sapphire and InP 
substrate side with the operation gestalt, it is also possible to instead apply mechanical stress, for example, to exfoliate 
by sagging the whole substrate. In addition,,in the range which does not deviate from the summary of this invention, it 
can deform variously and can carry out; 

[0027] ' '\ • , /. 

[Effect of the Invention] As explained in full detail above, the silicon on sapphire which is a growth substrate of a 
nitride semi-conductor multiplex quantum well layer can be removed from an InP [ which formed the optical device 
etc: according to this invention ], and GaAs substrate side by the simple approach, and it becomes possible to create the 
photoconductive wave component in which a high-speed communication link is possible.- . 
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